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^oHl 7]]olH i^i - Tflom Aj-J=L=~ nfll-#* if" 

- -g- cfTjl : #7l TflolB ^4 >g-7l TllolH^^^ ^Hl 70~400°C^ ^ 

^ SLA}o}EL 7**$^ ^*Rr ^-7^1; ^ Tflol^ 7 flAVs|. ^.g. 

£ 3d 

#eHH: TllolH, Si0 2 ^^Sr ALD 
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Tllo] e ;£q-g- 51-^ e^1±e] {METHOD FOR FABRICATING TRANSISTOR 

WITH POLYMETAL GATE ELECTRODE} 



5. la ^ 3E. lb^r ^Hfl7)^ofl 4^- W/WN x /Poly-Si 7fl°lH Tfl^s} Ji^fe- ^ 

£ 2^ ^2fl7l^ofl 4^ W/WN x /Poly-Si TflolH ^ TEM ^>^1 . 

£ 3a tfl*l £ 3d^r ^*HH W/WN x /Poly-Si tIHb ^ ^ 

5. 4^r ALD Si0 2 ## ^*Rr *3 4^ 5.5. . 

£ 5tt ^ofl ^lS.°fl tfltt ^ TEM a>^1. 

£ 6^- nJ-E- TlMB^^l 2:^1- SIMS HB^. 

£ 7^ ^ ^"^^ X\£_!% 7%T£ XPS £^ cflolEf. 

301 : ^ Si * 302 : TlMB^^ 

303 : 304 : ^^3^ 

305 : 306 : n^H^^ 
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307 : 3.S.efl*l^B 

309 : *fl-&aM| *}$-^ 



308 : Si0 2 



#^ ^^>: 2003/10/30 



(reoxidation) ^-§- ^*|£)-7l «J-^°ll ^olcf. 

O.3., a^B^l^s] ^olH ^ ^(Poly-Si *}-§-*}^ 

yl^l .n^^M 4^ TlMB *i^h§- «l^t!r ^ ^fl^l *MlsHlMl 4^ 

^ 0 v^o] ^joiH AV-g-si^ ^ #el^al^ n. 7\^$\ ^ *1*1*8- f^j o. 

s °is>o} ^ -2-^}^ i*W ^-§-^>7l7> 

^7f^ ZL^^^l 45} Ajz}-^ ^-^^ cfl^jT. & f 

7fl^*>7l ^€^5^M^-(WSi x ), eIeHH^H^ ^ jr-g-^ ^(refractory 

metal) ^aH^^M- 0 |_g_^ WSi x /Poly-Si^ ^ €e^H^(polycide) ^2:2] TlM 

H ^ 7l#o] c^tl^cf. 

5*1 W/WN x /Poly-Si ^-2:^ ^ f-eMiKPolymetal) 7)1 c>1h ^r-^rTll JeJcf. 
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W/WN x /Poly-Si n°] B ^ WSi x /Poly-Si 71HH. ^ ^Si^} 1/10 ^S.^ 

£fe £Hr4. W/WN x /Poly-Si tIMB ^i^l^^(WN x )^ 

^SflCW)^ *H?-# Sl ^(Poly-Si) *}°H ^^l^r ^«fls|^ (Diffusion Barrier)°14 

<18> Sj^-g- ^(Etching)*^ ?)MB sfl^i* TlM^ 

-tf-3*-*HI B€*l(micro trench) ^ €5r^°>(Plasma) HM*K Damage)!- 3^*1 

^ 7flo]e 7 flAV^. o. ^]^^J7 oicf. TIME 7 ]]AV^. ^ o_ a o v 7 ] 3.3 ol5>] 

oflS ^5l€-7l^ u-o> oi^r ^ Tfl o]B ^(EdgeH tJMB 

A]-s|-ni.^ #7}-a1^ GGO(Graded gate oxide)* ^*}JE-5*| ^x}2) o. ^va^I 

*g;?r*Hr ^-^l7> h>, w/WN x ^r ^>2r£l^l 1-el^ el -^(Poly-Si )<£<>1 ^s^tt ^ 

3 <+s|- H o v ^ (Journal Electrochemical Society, Vol. 133, p. 401(1986) #2)°1 °|-§-£lJL 9X 
4. 

<19> £ la ^ £ lb, £ 21- ^^ 7 )^6\] vc\-m. W/WN x /Poly-Si ^HB ^ ^2: ^ 

TflolH T-fl^s}- cH^^i tf^tr^. 

< 20 > £ lal- %^*}&, -^el§-7l^r(l0) A]<=>)B.^:^ai)^ n. >£^-afl £^ 

£ #51^21^^(12)^- ^1^1, #51^ el ^^(12) ^*ll SHHIeHS.^ WN X ^(13) 

^ E ^S31(W)5|(14)^: ^^>i, 3. ^ofl *}=n}^£l-g- ^^ D -1A^1 ^-sK v (15)-§: 

<2i> T^^, 711 olH 4^at £}-§-, *r^r^3. ^31-^(15), E ^3l^(14), WN x «f 

(13) ^ #Bl^el^^-(12)* ^zHH sflei ^ ^- t!H;e ^tr^K 
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<22> £^ofl S.X\Q ti}<2]- ^-o] ( TflojE Alzj-Al ?fl °1 H^SW 11)^ ^ TflojE ofl 

*1 Sj-Mfe « r °lH.§. (micro trench) ^ l-5f^KPlasma) cfl ^1 ^1 (Damage) 7> 1^*1-7)1 

<23> S. lbfe ^3 *fl^2j- ^l^tr ^HflS>H, D f°lH5- ^ €^°> t"flnl^l7> 

7flo]E ofl*!^ TflolH^sj-el-dia) ^^7> , I£*V ^ ^^pg 

3^(14, 15)£ #3^^(12)^ ^oflu]- AVs^^-(16)ol qj$£[6\ ol-g-^- 

<24> olA o VoflAi H>Sq- ^-O], ^Eflofl^- #^^1^- ^ oj E A}-§-^- afl , ^ EH ^ 

711^1- ^V-8-*H ±Z\ ^HM^ul #0.1+, A]^*} ^ «J-^^r Oj-Sfl^ ^-o. o^5l7H 

<25> ^fl, AiEfl^ H2O* ^f-S-^^ H>, °j H 2 0^ a>-§-O.S 71^1 #tj)<3] 

0 4 7> ^3 5.5*] 3) 0] ^ 2f ^tH# ^.^A]^ Jf ^ ^ ^ ^7+ S-^ofl OV ^ 

ol«z]sl Mo, Ta, Ti, Ru, Ir, Pt3 ifl^r-g- 3-§-*Rr ^£*HMH *«S*r 

#*fl, ^3 7fl^2)- ^, W/WN x -4 #el^e)^^ Tfl ^ofl 2nm ^Vs}-^- 
(Si0 x ) JEE^r/^ ^5}-^(SiN x ) ^^^-o] ^S]^, TflolBS] ^(vertical) *i 

^ ^7>A]^ JL^3}-^ -i-^-Al A]s ^ -g-*fl# ^ 0.71 Til €4. £ 2^ ^i^^ 7fl^2|- 

^ W/WN x /Poly-Si 3H3<^ ^ TEM *}*Mt+. 5. 2°fl w}<2]- Qo] *}-3^(Si0 x ) 



<26> 
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£&^/^ *3sM2}-(SiN x ) ^-g-s} Q<£^°] m ^^€rl±2\ Tfl^H 2-3nm5. oi^--i- 

<27> Hi-fi). ^Sfl7l#^ %°-3.*\, ^i^( W )3j. 

*fl2: ^-§: ZL *r^o] o|4. 

<28> ^fi) CfS. TflolH ^^A] ^11- 3f Tfl^o] 

3* <^1 ^ 7fl^d^cfl ^ligis); ^E]v\}^ TllolH # 

^ ^ ^] 

<29> ^-71 ^aj-i- ^*V7l ^^V^ #eM!r 711 o]h h^^I^bI 

«o V ^^, ^^H^Aj-ofl 711 olH^^ ^^Kr ^1 ^"71 711 olH^^^ ^Hl 3flEi^ Tflo] 

B ^bu _ time ^ib ^ #e)^&l^ev4 °im^ S^-*Vcf - ^ ^*Rr 

Til; ^71 7flolB i^Sl ^-7) TllolE^^A ^-ofl 70~400°C^ 7-^ ^> 

A>olH. Till Si ^f-g- ^^Hf ^7)1; ^ 711 °1B 7flAV2}- ^-^^ ^Ts^Rr i^Hr 

3# ^HJilS. tb4. 

<30> ^. ^•tgofl^, a o V 7 ) ^3g^o. Si Q 2) Si Q xFy ^ SiQxN y o) ZLl-O.S.y-Ei ^Eflsl *|.u|. 
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K}^7]^i%(PEDm)°-g. -a^fe w>^-^*>i=f. , 50-200AS1 ^v\]g. 

nfl CVD y J"^£r ^]<H^>7l o]^o.n S ALD »^SL3. 

<3i> £ #7l ^)^-#^ W, Mo, Ta, Ti, Ru, Ir ^ Pt^ <Hi=.*> 

l4# A}-g-^- ^ oljl, a o V 7 1 ^1 c]E ^Uj^g. #7| #S^^^^^4 #71 ^1^ A>o]ofl mY*]}?} 

°]%-^ 3 ^ 9X°-*\, °H #71 JKMHIeWS^ WN X> SiN x> TiAl x N y , HfN x , ZrN x , TaN 

x> TiN x , A1N X , TaSi x N y> TiAl x N y ^l ZLl- AS-^ o]}=. ^-uJ-» Af-g-^- ^ &cK 

<32> #71 ^f>}7] #SHl£ 711 °ib ^ 

^ H^^l^Ei *fl2 wj-^^r, aV£^7m#ofl Tfl o] e #s|-^^ ^ ^ ^ #31 ; #7l 7flolH# 

#°ll #51^51^, ^-#HflSl^^, ^ 4i3|^ D -l-t *V3l5L 3#^r ^ 

<*| TflolB rtSj-g- ^^Kr ^Tjl; #7l ^zHI o^sfl #7l TflolH ^S^z)- #7l 

Tll^Mf #°H ^7>#^3V^O.S Si0 2 #-i- ^ A 3 *}t=" TflolH 7fl#5* ^Al 

<33> <^7H, #71 Si0 2 #* 50~200A^.^ =L ^# 70~400°C^ ^r^H 

^7,>##^o. s ^*J*H=r ^o] «>^aj*>c].. zisIji, #71 Si0 2 #^ Si0 2 #^ 
avnv ^1^2)-(densification) ^ ^xfl^ lr^# <M^sl* ^*3*Hr #31* c| S. 
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<34> o]t\, ^O) 4-*}$= 71 #£o):olj A-] ^-g- 7}^ £ ^ A>Aj- 

<35> (*]Al°fl) 

<36> £ 3a ^H*] £ 3d^r ^HH W/WN x /Poly-Si 7il°lS ^ 

<3?> £ 3al- ^2^}^, ^3 €-71 #(301) ?])o}^^(302)^ #5^e)^#(303) , SH* 

tifl^^°J ^<M3H§KWN X )(304), ^^(305) ^ *}i= *}^3. *i<3fK306)# 

£r/ D ^ ^-s}JL 711 o]E *fi^* ^fV 5LS.ellAl^e 2flBi(307)-i: 
<38> olol^l, £ 3b!- #2*>^ ISEfl^liB ^^(307)^- wflel^s. ^<£# 

(306), ^31^(305), ^^€^^(WN X )(304) ^ #3^3 €-#(303)* ^bh 

(500)# ^^^rcf. 

<39> olnfl > #el^Sl^(303)2] oll^^lA^I Til °1 S. y tl"S|' ^"(302)^1 £^^r ^4^1 ^ ^1^1-71 

#^^#(303)21 5^3 4 5L^]Ely. ^a}* 7W£^ ^§Rr 530I 

U>^^>cf. 1-^-, ol^ol 7fl A>^ TflolH^Sl-^ ^Kgr 

<40> ZLSlJL, i£e^liS 5fl^d(307)^: ^Z^^A) ^^S]ol ^TlslTluf if^o] 

iHstrip)^* -f-*ll x\)7]^. 
<4i> <>l<^i, £ 3c^ Qo) TllolH ^(350)^1 7flolEA}-5j.qv ( 3 0 2) ^Hl 70 ~ 

400°C^1 *l£r "S-^SLS. Si0 2 ^^^(308)^- 
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<42> 70~400°C£) ^£-3. Si0 2 ^^^(308)# °l-fr^ ^ ^^(305)°1 

^tM*}. 400°C o]*>s| ^£ Si02 ^^§#(308)* ^*Rr 

^r£.ol7lofl *3 Al^Vol ^"-§- 1:7>^*>J1, atb CVD 50-200A^1 

v\]sL °fl ^Sl* ^H^7l oi^ 7 i nH^olc}. ^^§^(308)^1 M-r- ¥ 

^■i- TllolH ^A>^. ^^A] ^AV5}-7> -g-ol^ ZL *M|fe §M ol^-tb 

^ 50 ~ 200 A ^ ^-^7> y>#^1^4. 

<43> °}°]*], S. 3d^r 711 o]B ^* ^ltb -M^l #^515.^, l-&|^^^-#(309)^ 

^^Hxr -ttsl- ^(309)^1 ^S]3L TlHH oflxl^ofl ^]olH^VSl-BVol 7fl^^-ofl <f^ ^1 

^-g- il^JI 711 °1H zfl-M- 700-900 o C^l^1 ° s v 3j^l ^3 ^ 2Lfe 

<44> o)3f- t LDD oj^^oi ( ^ojE ^ta , eflo] ol^^oi ^ ^ H^^l 

^Sl- «J^Sj B^*]^ 7fl2:l- 

<45> ^AHHl^-l , ^&]^7l^-(301)^r ^Bl^-7llsp>^- ^9] al^l^ HLfe 

^e)^. oil em ^^o.^ « 7>^^JL, 7llolH^^-(302)^r ^Vs^ SE^ ^s}-^^ ^-^r 3 

<46> se^, ^HHH^r l-&l^El€-^(303) tfl^H] 3--^ 5 n]-^-§- A>-g-*}^ $o] 

7>^*>J1 ( ^31^(305) o ls , lo11 Mo> Ta> Ti> Ru> Ir ^ p t ^ nflf^ A>-g-^- ^ flJL, ^Wfl 
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^s|-^-(WN x ) o]s\o\) SiN X) TiAl x N y , HfN x , ZrN x , TaN x , TiN x , A1N X> TaSi x N y , 
TiAl x N y *r-g-*r^ 7>^^>nf. 

<4?> ZL^JI, ^aHH^ °}#o\) <#7) Si0 2 fK308)£} ^ iJSKdensi f icat ion) 

<48> £ 4^ ALD ^^-S Si0 2 iK308)-i- ^^s>^ ^ , t)MH i 

^€ SIM^l- S.^^: ^H^H Si 4i^7l-il- ^e]^ ^*># 

(c) ^^]*V^(d). 

<49> SMg , Si 4i^7>>i ^ 0 ^^7}^ S.S,^-X\o\] ^ ^r£l- ^7} ^ *V #^3*1 C5H5 

N(Pyridine) SE^ NH 3 7}if -g-X|oil ^ 
<so> si ±.^7}^±± SiCl 6 SE^r SiCl 4 # A|--g-s>ji, 0 rt^j-i^ H 2 0, 0 2 , NO ^ N 2 0^ ZL 

<51> (*l-g-iL-4) 

<52> ^- ^-rgdj ttj-s. 4-§-jL3fl- &^*|-7l 650A W/ 50A WN X / 700A Poly-Si 7\]°}S- 

i^ofl 75A^ ALD-Si0 2 *3 3-§-*> t=hg-, ^1°1B ^1*H 

<53> £ 5^ a o v 7 ] cfltl ^ TEM *r3l°14. £ 5<^1 Wr^r ALD-Si0 2 ^ 

^ojl AlEM AVs). ^1*^>«^. nfl^s W o^ a_V5|. o^ol TflolH oH^^ ^olH tH 1 3. 

(bird's beak)7> ^3-^-5. &i=K 
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< 54 > 5£th DRAM f-s] ^12: ^3°1M ^o]e ^ t^ss^s)-^ * 

^^.nv ^o^} ^^s]^ 3}oj ^aV^oic-l), ALD-Si0 2 »1 ^ Aj-^tq- o} <*^-g- *J- ^ 

sa<H ^ ^ ^ rLcfls. ^ 9X±= ^-g-jL^s ^^^m-. 

<55> 3£ 6£r Al^-oj »1o]e^^-o1 ^1 ^ <H1 2:A>tV SIMS i^sj-^ojc}. ALD-Si0 2 

£7> ^ 3* ^ &c)-. £^ofl^ 'selox'^ 
<56> £ 7^- Al^.^ XPS c-flolBfolc]-. ALD-Si0 2 BOE -g-^^S, W/WN X ^ H 2 0 2 

#<H€- 3* ^ o]^ ^Jg^o] 711^ ^VsH- <^l/«o v *l*H ^1°1B ^^s] ^3)^ ^ 

J2-^4 ^^>?fl ^3 7fl^7> 7>^<5}JL, TlHH 7fl^ ^ A] nfl^sj- l-E^E^ 

-LVsj-Sl^ 531- ^^1 iE^ y o V ^]^H 711 o}H 3^ X^Jvg- 7fl^l^ Jl4» 
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1] 

<#7] TflolH^^f^ A oHl 3H^5l TIME ^efl - TllolE o_ #Sl^S]^J4 4> 

^7) 7\]o}B. 7l]olB^<2# ^M] 70~400°C^ ^ ^^^S 

2] 

*fll*<Hl , 

-*7l TllolS ^>7] l-2l^e]^4 ^ oflig- A>o]6|| <g>^ #-§- G) 2. 

[^T 1 * 3] 

A oM ^#£r Si0 2) SiO x F y ^ SiO x N y £] ZL-f-o.3.-¥-El ol-5>M-o] 3* 

*Rr ^^Hlt ?)MH ^ HM^Ei ^12: ^ . 
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4] 

[^T 1 * 5] 
6] 

^7} Si ^7}^ SiCl 6 5£^ SiCl 4 «- i^V^ #£Hlilr TlMB 

7] 



23-16 



1050030043055 2003/10/30 
#7l 0 ii7fi^ H 2 0, 0 2 , NO ^ N 2 0^ ZLf-^S^-Ei ^3 o^sm £^ o]s.o^ jg. 



[37*8- 8] 

<#7] Si i^7>^ ^ #71 0 ±^7}^9] x\6\] ^ ^7} ^ «V #nfl5*l 

C5H5N lESr NH 3 7>^» ^ ^^Hlt TlMB ^ 72: 



[37*J 9] 

#71 nfl^ w, Mo, Ta, Ti, Ru, Ir ^ Pt^l ZLl-o.S^-E-] ^^^1 o^^oi ^o. ^ 

.2-3. 31 °1B H^liE-i ^12: ^ . 
[37^ 10] 

#71 SKHleHf^: WN X , SiN X) TiAl x N y , HfN x , ZrN x , TaN x , TiN x , A1N X , TaSi x N y , 

TiAl x N y ^ ZL^SLsL^B] o]±f>}^ S.^}^ ^-g- ^^°-SL t}^ #5^)^ 7]}°}^. # 

^ ^22] H^S^l^Ei ^12 . 
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11] 

^7} 7]] o]H W/WN x /Poly-Si-i: i^*Rf 5it ^Jt *>tt #sHm 7flo] 



12] 

Si0 2 ## ^*Rr ^1; ^ 

TflolB Xl^s}- ^l^Hr #31 

13] 

^■71 Si0 2 ^-l: 50 ~ 200 A ^^Hir 3 -8: *}^r ^sHlt Tflc-lH ^ ^2 
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[^T 1 * 14] 

^112%H1 &°H, 

A o V 7l Si0 2 #3 *8^£ 70~400°C^ ^riE^H €^>#^^-2.S <>l^<H*l*r 



15] 

A oM Si0 2 #^ Si0 2 f^ ^ ^^Kdensification) ^ ^vfl^ «-^-§- *)] 
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IS. la] 







-15 

-14 

-13 

-12 
.11 






+ + + + + + 4- + + -f4- + + + + + + + + + + 
H + + 4- + + + + + -4-4- + + + + + + + + + + +, 

+ + + + + + + + + + 4- + + + + + + + + + + 
I- + + + + + + + + 4-4- + + + + + + + + + + 4- 



[S. lb] 
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3a] 




~-306 




+ + + + + + + + + + + + 

-§- + + + + + + + + + + + + + +" 

+ + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + 



3-304 
^--303 



3bl 



--302 



^-301 




3-302 



~~301 



[-£ 3c] 




--302 



--301 
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[S. 3d] 




[S. 4] 



Si source 



(Pyridine or NhU ) 
Oxygen source 



Purge gas 
(N 2 orAr) 



+ + + + 
+ + + 



^-302 



-~301 



i 
i 
I 
I 

r * 



+ + + + n 
+ + +- + + I 
I ± ± ± ± if. 



a 



"3 AI2F 
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no ALD-Si0 2 , Sel.ox 
A ALD-Si0 2 (75A) + Sel.ox. 

Selox: 850C, H2O/H2=0.3, 120sec 
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Gate Selox: 950C. 70s 

— •— No ALD-SiO r Gate Setox. 
— o— ALD-SiO, 75A + Gate Selox. 
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